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blood, parotid gland, and subcutaneous tissue of rabbits. A rise of temperature lasting three days followed the intravenous injections, and swelling of the parotid gland one to two weeks in duration resulted from the other inoculations.
Gordon 7 also used a filtrate of the saliva for the intracerebral inoculation of monkeys. Four of the animals died, having developed meningeal symptoms on the fourth day. At autopsy a lymphocytic meningitis was found with marked degenerative changes in the neurons of the cerebral cortex and anterior horns of the cord. Cultures from the meninges remained sterile. One monkey, inoculated intraperitoneally and intravenously, became ill on the eleventh day and showed swelling of the parotids and stiffness of both jaws, but without nervous symptoms. Recovery was complete. Attempts to transfer the "disease" from one monkey to another with filtrates of the brain and cord from the fatal cases proved entirely unsuccessful. The monkey which survived the longest showed an interstitial parotitis and an interstitial hepatitis, as well. Gordon concludes that mumps is due to a filterable virus of comparatively low virulence.
The work of Nicolle and Conseil 8 is interesting because of a mononuclear leukocytosis detected in one of three monkeys into whose parotid glands they had injected fluid aspirated from the parotid glands of children ill with mumps. After an incubation stage of sixteen to twenty-six days, the animals developed fever lasting two to seven days, and the parotid became swollen in one monkey. No bacteria were demonstrable in the fluid obtained from the human parotid glands.
It wilt be seen that the experiments of Granata and of Nicolle and Conseil give only suggestive, not entirely successful results so far as the reproduction of mumps in animals is concerned, while Gordon's intracerebral inoculations are chiefly interesting in view of the nervous symptoms sometimes exhibited by patients suffering from epidemic parotitis. London, 1914, N. s., No. 96. s Nicolle, C., and Conseil, E., Compt. rend. Acad. d. sc., 1913, clvii, 340 .
Gordon, M. H., Reports to the Local Government Board on Public Health and Medical Subjects,
Intratesticular inoculation of laboratory animals with infected materials has proved an aid to bacteriological research.. The testis acts as an enriching medium, making cultural studies more possible. In addition, the pathological changes caused by the growth of the inoculated virus and the clinical symptoms resulting from such changes can be observed. The fact that orchitis is a frequent complication of mumps in human beings suggested that the animals used in an experimental study of the disease should be inoculated into the testis as well as into the parotid. Cultures from the inoculated organs could then be made according to Noguchi's anaerobic method, while the direct results of the inoculations could be studied. The latter only will be given in this paper.
Cats, rabbits, and monkeys were employed, but as neither rabbits nor monkeys gave promising results, the work was for the time being continued with cats alone.
We are indebted to Dr. Leopold F. Haas and Miss Gillaume, through whose courtesy material for study was obtained from children at the Home for the Friendless; to Dr. Alfred F. Hess and Dr. Sophie Rabinoff, who placed material at the Hebrew Infant Asylum at our disposal; and also to Dr. Matthias Nicoll, Jr., who sent us cases from the Department of Health of the City of New York. The method of obtaining material was uniform. Patients with swollen parotids and symptoms of one to three days' duration were asked to rinse the mouth with sterile salt solution and expectorate into a sterile glass dish. Whenever advisable the parofids were gently massaged at the same time. The secretion thus obtained was filtered through a new Berkefeld candle, and the clear filtrate tested for sterility by aerobic and anaerobid methods. It was found to be uniformly sterile.
The cats were anesthetized with ether, and the skin over the parofid region denuded of hair, then carefully cleansed. With a new, sharp needle, it was not difficult to enter the parotid gland and inject 1 cc. of fluid. Very large, old cats were not favorable because they have a thick layer of fat and dense connective tissue over the gland, making it difficult of access. The fluid is more apt to be injected into this tissue than into the parotid and the resulting periglandular swelling obscures the results. Well grown young cats proved suitable. The testicles were prepared in the same way as the parotid, and no difficulty was encountered in injecting 1 cc. of fluid.
Before anesthesia the temperature of the cats was recorded, and an actual as well as a differential leukocyte count made. These tests were repeated daily throughout the period of observation.
The animals recovered rapidly from the ether and showed no ill effects from the inoculations. The following day the temperature had usually risen 0.5 ° C., but the white blood cells had not increased in number. There was, as a rule, slight tenderness in the inoculated testicle, and often in the parotid as well. This was evidently of mechanical and not of inflammatory origin, and always disappeared within another twenty-four hours, leaving the cats apparently well on the second day, though the temperature was 0.5 to 0.8 ° C. above normal. After six or seven days, tenderness returned in the testis, accompanied by swelling; and similar symptoms appeared in the parorid. An increase in the leukocytes became apparent two days after inoculation, and reached the maximum in about seven to fourteen days, coinciding with the height of the fever. The swelling and pain in the parotid lasted two to five days, but the testicular swelling rarely subsided in less than ten to fourteen days. In the third week all the symptoms began to disappear, the leukocytes reaching the normal first, the tenderness disappearing at the same time, and the fever persisting for another week. While tenderness on palpation of the parotids was less marked than that of the testes, and the swelling never reached the stage of marked facial asymmetry, the cats nevertheless manifested some degree of discomfort in the inoculated parofid. The appetite was only slightly affected, and at no period of the experiments did the cats seem especially ill. The disease was not fatal in any instance. The following protocol is typical.
Cat A.--Inoculated Jan. 23, 1915 , with sterile filtrate made from the saliva of four children who had been ill two days. 1 cc. injected into left parotid and into left testicle, respectively (Protocol I, Text- fig. 1 Left testis smaller; on section it is grey and cloudy, but scarcely firmer than the right; neither hemorrhages nor other lesions apparent. Left parotid no larger than right; on section nothing obvious. Microscopically foci of celhdar infiltration are found in both parotid and testis, and epithelial degeneration in the latter. The uninoculated glands on the right side are quite normal. 
Transmission from Cat to Cat.
At intervals varying from seven days to four weeks, the animals were etherized, the inoculated glands removed with aseptic precautions, and extracts or emulsions from them injected into other cats. The extracts were prepared in the following way: The organs were cut into small pieces, thoroughly ground up in a mortar with sterile sand and salt solution in a proportion of about 1 to 10, shaken for 2 to 3 hours at 37 ° C., and centrifugalized. The opalescent fluid was used for injection after it had been tested for sterility. Emulsions were made by grinding the organs in a small tissue-grinding machine through whose fine wire screen 0.2 to 0.3 cc. of finely divided material passed. This was suspended in 1 to 2 cc. of salt solution and its sterility tested before use. The best time for the reinoculafion was found to be from the fourteenth to the seventeenth day when the testicular swelling, the leukocytosis, and the fever were highest. During the first seven to ten days transfers were less uniformly successful. Evidently the reaction requires about two weeks for its maximum development. Atrophy of the inoculated testicle occurred in several cats, after the acute symptoms had abated.
After the third or fourth transfers the reaction developed more rapidly and the effects were more severe. But after the sixth or seventh transfers the reaction perceptibly declined. In one instance only were effects observed at the eighth transfer.
Certain illustrative experiments are given in the text-figures and protocols which follow. Left parotid injected with sterile extract from left parotid. " testis " " "
Right " "
" "
" " " testis.
PROTOCOL II.
Date.
1915
Feb. 6
ture.
- Chloroformed.
Left testis larger than right; on section both are cloudy and moist compared with those from a normal cat. The left parotid measures 3.5 × 2.5 cm., while the right is 3 × 2.5 cm. in diameter. The left is pinkish in color and more moist and granular on section. Microscopically the right testis shows a more marked degree of "spermatorrhexis" than the left. Left parotid injected with extract from left parotid.
testis.
PROTOCOL III.
Date. Tempera-Leukocytes. ture. Testes scarcely enlarged, but left one, on section, is firmer than the right; both are cloudy. Left parotid is pinkish in color but not larger than the right. Microscopically both testes show marked epithelial degeneration, and, in addition, the left is the seat of cellular infiltration (Fig. 3) . Cultures sterile. 
3.
Control Experiments with Normal Organs.
As control experiments, extracts were prepared from the parotid glands and testicles of normal cats, and injected into three healthy cats in doses equal to those previously used. Neither enlargement nor tenderness developed in the glands inoculated in this way nor did the rise in temperature last longer than two days. Coincident with the temperature rise there was a polynuclear leukocytosis of two days' duration. At autopsy no macroscopic or microscopic changes were demonstrable in either the parotids or the testicles, while active spermatogenesis was in progress. Left parotid injected with sterile extract from left parotid. " testis
" testis.
PROTOCOL IV.
Date. Tempera-
Leukocytes.
ture. 
Control Experiments with Normal Saliva.
Other control experiments were made by injecting the sterile filtrates of normal saliva obtained from three healthy persons into the parotid glands and testes of normal cats. The resulting Hse in temperature was not greater than 0.5 ° C. While the leukocytes were only increased by two or three thousand cells, the polymorphonuclear cells were relatively more numerous after the injection, and they did not regain the normal level during the period of observation which lasted from twelve to sixteen days. The small mononuclear cells were relatively diminished. Neither swelling nor tenderness developed in the inoculated glands, and even after the third and fourth successive transfer with this material no macroscopic lesions were discernable at autopsy. On microscopical examination the parotid glands showed no difference between the inoculated and the uninoculated side, and the same was true of the testes in seven of the animals. In two cats, however, the inoculated testis showed a moderate amount of degenerative change in the tubular epithelium. The lesion, however, was not comparable to that in the testes of the cats inoculated with saliva from mumps patients, being far less marked in extent and in degree. It should simply be mentioned that in two instances, the testes of cats into which saliva filtrates from healthy persons had been injected were not absolutely normal on microscopic examination after death. Protocol V is typical.
Cat E.--Inoculated Oct. 8 with sterile filtrate of normal saliva into left testis and right parotid gland (Protocol V).
PROTOCOL V. At autopsy there was no difference in the size, color, or consistency of testes or parotid glands.
Microscopically no lesion was found in the inoculated testis or parotid.
Finally sterile salt solution alone was injected into the parofid gland and testes of three cats. The temperature rose only half a degree, and neither microscopic nor macroscopic lesions developed.
Pathology.
1. Gross Appearance. (a) Parotid Gland.--On exposing the parotid glands in the recently killed cats, the deeper pink color of the inoculated gland was very striking, as was also its larger size. The difference in weight varied from 70 to 340 rag. The inoculated gland was more moist than the uninoculated, and showed on section a granular appearance, due to swelling of the acini. No other changes occurred. The adjacent lymph nodes were usually congested but not distinctly enlarged (Fig. 5) . The molar gland, situated just beneath the skin at the angle of the mouth and extending along the lower lip, was uniformly congested and swollen on the inoculated side. During life the buccal mucosa over the gland was distinctly reddened. This symptom could be found in tile cat's mouth in four or five days after inoculation and in a few instances was accompanied by swelling. The opening of the duct leading from the injected parotid was always surrounded by a small zone of congestion.
(b) Testis.--The inoculated testis was larger than the uninoculated, but unchanged in color. On section the cut surface was more gray, cloudy, and moist. In a few instances the point of inoculation was visible as a small dark spot, but otherwise no focal changes were noted.
Microscopic Appearance. (a) Parotid.--The histological changes
when present in the parofid were not constant for all the transfers of every strain. In the first transfer they were usually inconspicuous; and at most congestion of the vessels and swelling of the epithelium of the acini were made out, with edema of the interlobular connective tissue.
The most marked changes appeared coincidently with the third and fourth transfers. In some examples, the glands showed infiltration of the interlobular connective tissue with mononuclear and a few polynuclear cells in addition to the edema The infiltration was most intense about the secretory ducts (Fig. 1) which were sometimes dilated (Fig. 2) . The epithelium of the acini was swollen and cloudy in these instances. The areas of cellular infiltration were more pronounced in some parts of the gland than in others, were always multiple, and could be easily differentiated from the small lymph nodes which are normally present between the lobules. In some instances infiltration did not appear at all.
(b) Testis.--The histological changes in the testis were more constant than were those in the parotid, and, in further contrast, they were more pronounced in the epithelium than in the supporting framework of the gland. The layer of cells next to the basement membrane of the tubules tended to be normal in appearance, but the rest of the cells were often the seat of a change resulting in a diminution in the number of spermatocytes and consequently of the mitotic nuclei normally found. The spermatids were even more altered, showing as the remains of their nuclei irregular and deeply staining granules, while the cell bodies stained poorly or had undergone extensive lysis. In these cases, spermatozoa, as would be expected, were diminished in number and few were normal in appearance, their broken-up condition being easily discernible (Fig. 3) . This process of imperfect spermatogenesis and of disintegration or spermatorrhexis was further indicated by the empty condition of the tubules of the rete and epididymis. Epithelial changes of some degree were present in some part of practically all the inoculated testicles. Interstitial cellular infiltration, on the other hand, occurred far less frequently in the testicle than in the parotid gland. In a few instances it was pronounced about groups of tubules, whose epithelium showed marked degeneration (Fig. 4) . Another striking change in the testis was noted in the interstitial cells. These were larger than normal, and, in several instances, actually increased in number (Fig. 3) , forming large masses between the tubules.
Fibrous connective tissue in increased amount with a diminution in the size and number of the convoluted tubules was found in the atrophic testes.
The microscopic examinations were always made with material removed from animals killed with chloroform and fixed at once in Zenker's fluid.
Reinoculation Experiments.
Four cats which reacted well were allowed to survive until all symptoms abated and were then reinjected with filtrates prepared from fresh cases of mumps in the manner already described (page 358). As a result of the second injection the temperature rose only 0.8 ° C., and the leukocytes increased only by 5,000 cells, whereas after the first injection the rise of temperature was about 1.9 ° C. above normal, and the white cells had more than doubled. No sensitiveness of either parotid or testis developed after the second injection. This result suggested that the first injection had reduced considerably the reaction to the second. Whether the effect was one of immunization can only be conjectured. Left parotid injected with left parotid of Cat I. In order to test the protective power of the serum of a cat which had entirely recovered from an inoculation with the filtrate three months before, three experiments were made. Material from the enlarged glands of cats killed at the height of the reaction had been kept in glycerine in the ice box for four months. This was emulsified in the usual way and the emulsion was left in contact with the serum for two hours at a temperature of 37 ° C. The mixture was then injected into the parotid gland and testicle of normal cats, control animals being inoculated at the same time with glycerinated material which had not been treated with the serum. A definite difference in the effects was noted in the two sets of animals. The animals receiving the emulsion-serum mixture showed less reaction than those receiving the emulsion alone. Glycerination of the testicles and parotids seemed to make little change, within the period of the experiment, in the results of the inoculation.
The protocols and text-figures illustrating the experiments follow. Left parotid inoculated with left parotid of Cat K.
" testis " " " In comparing the case histories of the two cats, it will be noted that there are differences in the temperature and leukocyte counts, as well as in the reaction within the organs. Thus while the temperature of the control animal rose to 40 ° C., and remained above 39 ° for a week, the cat injected with the serum-treated material showed a rise to 39 ° C. over a period of only two days. Again, the white cells of the control had increased to double their initial number on the eighth day after inoculation, and had not returned to normal ten days later; in the serum cat, on the contrary, they had risen only 4,000 in actual number by the fifth day, and the count had become practically normal within a week. The differential count remained quite unchanged in the second animal, while the control showed the early characteristic polynuclear cytosis and the later lymphocytosis.
The serum from a normal cat which had not been inoculated was employed in like manner to the immune serum, to serve as a serum control. The normal serum did not inhibit the action of the virus, as Protocol IX indicates.
Cat
M.--Inoculated Dec. 15 with sterile extract of parotid and testis of an inoculated cat, which had been kept in contact with normal cat serum for 2 hours at 37°C. Right parotid and left testis injected. At autopsy the right parotid was distinctly swollen, and more congested than the left. The left testis was slightly larger than the right.
These experiments indicate that the serum of the cats employed has the power to reduce the development of the reaction produced by the injection of testicular and parotid materials derived from cats treated with filtrates of the saliva from cases of acute parotifis.
Blood Changes.
Daily blood counts were made on several normal cats, to ascertain the blood picture in healthy animals. It was found that the average number of leukocytes varied from 16,000 to 20,000, and that a difference of 5,000 from day to day was not unusual. It follows, therefore, that only a very decided increase in the number of white cells can have any significance in the cat.
The white cells began to increase within the first forty-eight hours after the inoculations, while on the seventh or eighth day a sudden additional rise, often doubling the initial count, may occur. The increase is maintained, with daily fluctuations, for a period of eight to ten days, the maximum being reached on about the fourteenth to the sixteenth day. The fall in number takes place gradually, the initial number being reached as a rule in about four weeks. During the first two weeks the leukocytosis is polymorphonuclear in character. At the end of the second or beginning of the third week, when the fever and glandular swellings are at the highest, a lymphocytosis is noted. The large mononuclear and eosinophil cells remained practically unchanged throughout.
The blood picture as described in the experiments is not very dissimilar from the one observed in cases of parotifis in man with testicular complications. Wile 9 has noted the change from a lymphocytosis to a polynuclear leukocytosis under these conditions. Apparently the change is inconstant, since Felling 1° has not always found it. Recently Aubertin and Chabanier n have noted an initial polynuclear leukocytosis in all cases of mumps examined, the lymphocytosis following later, a fact which does not agree with Feiling's observations, which are to the effect that a relative and absolute lymphocytosis is present on the first day of epidemic parotitis. The increase in mononuclear cells found by Nicolle and Conseil in one of their monkeys, which had been inoculated into the parotid but not into the testicle, is of some interest in this connection, as is the polynuclear leukocytosis without the later appearance of a lymphocytosis Wile, I. S., Arch. Pedlar., 1906 , xxii, 669. lo Feiling, A., Quart. Your. Med., 1915 , viii, 255. u Aubertin, Ch., and Chabanier, H., Arch. d. real. du coeur, 1915 noted in cats inoculated intratesticularly with material from normal cats.
That the polynuclear leukocytosis is not due to suppurative inflammation of the testes is indicated by the microscopic examinations, which showed also that at the time the testicles were removed no excess of polynuclear cells occurred in them. DISCUSSION. The object of the study described in the preceding pages was the reproduction of the chief organic lesions of parotitis in animals by means of filtered extracts of the saliva derived from persons suffering from acute parotifis. The experiments indicate that certain definite results have been obtained. It now appears that the injections into cats of bacteria-free filtrates of the saliva derived from cases of acute parotitis are capable of setting up a series of pathological changes in the parotids and testicles, expressed by fever, leukocytosis, tenderness, and swelling attended by definite histological alterations. Whether these changes accurately reproduce the condition arising in man in acute parotitis need not now be decided. The interest of the observations increases, however, in view of the fact that the effect of the injections is intensified by successive transfers of the inoculated organs from animal to animal through several passages.
Upon what principle present in the saliva the effects produced depend need not be discussed at the moment. It is obvious that ordinary bacteria can be excluded, since they were never found in microscopic preparations of the filtrate, or in aerobic or anaerobic (tissue) cultures, or in film preparations and sections made from the inoculated parotids and testes. On the other hand, it seems necessary to suppose that the active agent is of living nature; and thus the conclusion of a minute filterable virus is suggested.
The effects attributed to the saliva from cases of parotitis do not follow the injection of filtrates prepared with the saliva of normal persons. Moreover, and this point is a suggestive one, the active agent present in the saliva in cases of parotitis is neutralized or rendered ineffective by the serum of a cat which had been permitted to survive the injection of testicular and parotid emulsions, while the serum of a normal cat had no such power. Assuming the activity of the salivary filtrate to be due to a living virus the power of prevention exercised by the serum may be assumed to be due to an immune body which was developed in the inoculated cat.
SUMMARY AND CONCLUSION.
Cats injected into the p arotid gland and testicle with a bacterial sterile filtrate of the salivary secretion of children in the active stage of parotitis or mumps can be made to develop a pathological condition having several points of resemblance to the condition present in mumps in human beings.
After an incubation stage of from five to eight days definite changes have been noted in the temperature, blood leukocytes, and inoculated organs.
The temperature rise begins within twenty-four hours of the inoculations and reaches a maximum in from seven to fourteen days. The febrile rise fluctuates between 1 ° and 2.5 ° C.
The white blood cells begin to increase on the second day following the inoculation. The first change is a polymorphonuclear leukocytosis which precedes the glandular swellings. This initial rise is followed by a decline, after which the lymphocytes increase. The increase is confined to the small lymphocytes, which increase to from 7 to 10 per cent of their initial number.
The inoculated glands become swollen and tender. The swelling and tenderness become apparent from the fifth to the ninth days and persist for a variable period. The parotid changes are less constant or less obvious than are the testicular. The latter are constant and endure from eight to twelve days.
The rise of temperature and the leukocytosis precede the glandular swelling, but all the changes reach the maximum at about the same time, after which they decline gradually. What may be regarded as normal conditions are reestablished in four weeks or less.
The intraparotid and intratesticular injections of extracts of normal parotid gland and testicles may cause a mild rise of temperature and leukocytosis of brief duration, but swelling and tenderness are absent. The white cells increased are the polymorphonuclears and not the lymphocytes.
The intraparotid and intratesticular injections of filtrates of normal saliva may cause a mild rise of temperature of very brief duration, but leukocytosis, swelling, and tenderness do not appear.
The histological changes in the parotid gland when present consist chiefly of edema of the interlobular connective tissue with mononuclear interstitial infiltration about the ducts and elsewhere. In cases of long duration the ducts may be dilated. But in some instances the swollen gland while showing congestion and edema in gross showed inconspicuous changes under the microscope. The histological changes in the testicle are of two kinds: inconstant changes of cellular invasion between the tubules and swelling or even multiplication of the interstitial cells, constant ones consisting of degeneration of the epithelium and interference with spermatogenesis, a condition to which we have applied the term "spermatorrhexis."
The pathological conditions set up by the filtrate derived from the salivary secretion of cases of acute parotitis are intensified by successive transfers through a small series of cats of the extract and emulsion of the parotid gland and testicle previously inoculated.
The pathological changes are also prevented or reduced when the extract or emulsion is previously incubated with a quantity of blood serum obtained from a cat which has survived inoculation. Normal serum, on the other hand, has no such inhibiting effect.
The deduction from these experiments is to the effect that the salivary secretion in parotitis or mumps contains a filterable substance capable of setting up a series of definite pathological conditions when inoculated into the testicle and parotid glands of cats. Whether this active material is a microorganism and if so whether it is the specific microbic cause of parotitis or mumps remains to be ascertained. 
